Periodic DFT calculations
To obtain more insight into plausible adsorption sites of the DMMP molecule in the UiO-66 type materials, both static and dynamic periodic density functional theory calculations were performed. The static periodic DFT-D3 calculations were performed with the Vienna Ab Initio Simulation Package (VASP 5.3). [2] [3] [4] A body centered tetragonal cell consisting of an equal amount of saturated clusters and clusters with two missing linker sites was used to estimate the adsorption interactions and energy of DMMP isolated missing linker sites. Isolation of the missing linker sites was chosen to give only minimal interactions with neighboring unit cells (figure S5). One amino group was randomly distributed for each linker (by replacing the other equivalent positions on the linker by hydrogen atoms). As water is present during the experiment, we adsorbed on the Zr Lewis acid sites four water molecules; two by physisorption and two by chemisorption by means of two hydroxyl groups. The periodic model, in which the environment of surrounding linkers and other Zr Lewis acid sites is accounted for, has previously been used to give a reliable description of the system. 5, 6 For the simulations, the Brillouin zone was sampled by the Γ-point, as the UiO-66 materials have the face-centered symmetry of the Fm m space group. The influence of the ̅ 3 chosen k-point mesh was previously checked. 5 All structures were optimized with a PBE-D3 exchange correlation functional and the projector augmented approximation. 4, 7 A plane wave kinetic energy cut-off of 600 eV was used. The convergence criterion for the electronic self-consistent field problem was set to 10 -5 eV. The thermal corrections were performed on the basis of frequencies obtained with a full Hessian approach. As the potential energy surface is relatively flat, it is very hard to remove all imaginary frequencies as was also pointed out by De Moor et al. 8 In our case, systematically one imaginary frequency with value around -35 cm -1 was found, which we were unable to remove even after several geometry optimizations with slightly perturbed geometries. To get an estimate for the entropy and enthalpy, we substituted this frequency with one arbitrary frequency of 50 cm -1 as was suggested by De Moor et al. Theoretical results are given in Table S1 . Ab initio molecular dynamics simulations were performed with the CP2K software package 9 on the DFT level of theory by using the combined Gaussian Plane Wave basis sets approach. 10, 11 The revPBE functional was chosen for its improved performance for solid-state calculations relative to the commonly used PBE functional. 12 The DZVP-GTH basis set and pseudopotentials 13 were chosen including Grimme D3 dispersion corrections. 14 The simulations were performed in the NPT ensemble at 300 K and 1 bar. The time step for integration of the equation of motion was set to 0.5 fs. The temperature was controlled by a chain of five Nosé-Hoover thermostats, 15 the pressure by an MTK barostat. 16 
X-ray structure refinement
In order to locate DMMP-associated electron density in the UiO-66-NH 2 structure, high-resolution powder X-ray diffraction patterns of the native UiO-66-NH 2 material and MOF DMMP-L were recorded. Samples were packed in 0.5 mm glass capillaries, and mounted on a STOE Stadi MP diffractometer with focusing Ge(111) monochromator (Cu K α1 radiation, λ = 1.54056 Å) in Debye-Scherrer geometry (linear position sensitive Mythen detector). Data processing, including Pawley and Rietveld refinement, was performed using the TOPAS-Academic v4.3 software. Peak profiles were fitted with the Pearson VII profile function. In a first step, a structural model of UiO-66-NH 2 was refined against its corresponding recorded diffraction pattern. Linker C and N atom occupancies were constrained to 0.83 and 0.2075, respectively, to account for the presence of missing linker defects (corresponding to 2 missing carboxylate groups per cluster). All framework atom positions were freely refined, but soft distance restraints were applied. Residual electron density in the pores was modelled as freely refined oxygen atoms representing water molecules. Five independent water sites were found to provide the best fit. The final model provided a very good fit to the data (R wp = 4.5 %; GoF = 1.47; R Bragg = 1.5 %). In a second step, a model for MOF DMMP-L was constructed based on the Rietveld refined model of UiO-66-NH 2 . Initial values for background, peak profile and zeroerror parameters were drawn from the refinement of UiO-66-NH 2 . Since the scattering contributions of the CH 3 substituents in DMMP were deemed too low to refine the position of the entire molecule, the DMMP molecule was approximated as a PO 4 tetrahedron. A single PO 4 tetrahedron was introduced into the empty framework model derived from the refined UiO-66-NH 2 structure and constrained as a rigid body. The position of this rigid body was allowed to refine freely, and the model was found to converge to a situation with the PO 4 tetrahedron on a general position located in the octahedral cavities. Residual electron density, located by Fourier mapping in the tetrahedral cavity, was subsequently refined as three independent water molecules. Finally, all framework atoms were allowed to refine freely while preserving the distance restraints defined for UiO-66-NH 2 . A good fit to data was obtained for the final model (R wp = 3.3 %; GoF = 1.44; R Bragg = 1.7%). S7 . Thermogravimetric analysis. The linker-to-cluster ratio estimated 19 from the organic weight loss between 423 K and 973 K is 10.5. The actual ratio is expected to be slightly lower because there is no clear separation between weight loss due to framework decomposition and weight loss due to desorption and decomposition of adsorbed guests. 
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